We describe a new, broadly applicable approach to radioimmunoassay.
Radioimmunoassay
(RIA) in the research and clinical laboratory has been characterized by arduous manual pipetting and by prolonged incubation and centrifugation steps.
In this report we describe a rapid, broadly applicable, automated system of radioimmunoassay.
This automated system is based on a unidirectional flowing-stream configuration of analysis, with use of miniature columns filled with a solid-phase gel-antibody reagent, which we have previously described (1, 2) . The automation is a modification of the WISDOCS system described earlier (3,
Materials

Antibody-Gel Binding Reagent
The technique for preparation of the gel-entrapped antibody reagent has been previously reported (1, 2) . riefly, the antiserum is added to a polyacrylamide gel preparation and photocatalytic polymerization is induced. Once the dry gel is dispensed, the top of the column is snapped into place. When swollen by rehydration, the 63 mg of dry gel particles will just fill the internal cavity of the column. This rehydration requires a total volume of 0.30 ml of solution, of which 0.18 ml is required for the rehydration and 0.12 ml fills the void volume between the gel particles.
Automation
of the gel RIA technique requires a precisely timed system that is capable of dispensing and collecting many solutions. Such a system, developed for batch automation of clinical chemical assays, has been previously described (3) and evaluated (4). This system, as utilized here, is shown in Figure  2 . It includes a PDP-12/30 computer (Digital Equipment Corp., Maynard, Mass. 01754) and appropriate interfacing to control a digital pipet (5-ml capacity, The software required to operate this system under computer control has also been described (3, 5 
Computer Program
The logic sequence is illustrated in Figure 3 When the wash cycle has been completed, the effluents containing the unbound fraction are sequentially collected for processing. The effluent is aspirated into the holding coil, the turntable is advanced, and the wash solution is delivered into a clean 3.5-ml counting vial. An additional 1.0 ml of buffer solution is also delivered, to effectively clean the holding coil and sampler lines, thus assuring complete solution delivery. These vials are then transferred manually to a "Biogamma" gamma counter (Beckman Industries, Inc., Lincolnwood, Ill.). In our initial experiments the columns were themselves counted at this point, to determine the bound radioactivity directly. Further experimentation has shown that the bound activity can be eluted from the column by repeating the buffer wash and collection steps, with use of 10 mmol/liter HC1 (pH 2) instead of the buffer (2) . This provides a totally automated collection of the bound activity, in solution form. No manual manipulation of the column is necessary. The upper curve in Figure 4b was determined by collecting the bound fraction as an acid wash effluent. Figure 4c presents the same data as 4a, but shows the curves as a fraction of the total labeled hormone added to the Figure 4d shows the results of three separate runs performed 12 h apart with use of the same solutions of standard and labeled hormone, but with duplicated columns.
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Again, the bound fractions were determined by use of an acid wash. The error bars around each point indicate the standard error of the mean for the three values obtained.
Discussion
The system described here is the product of our initial effort to automate radioimmunoassay definitively.
We used only instrumentation immediately available to us-a liquid-switching assembly, a preci-sion digital pipet, and a sample turntable-all under computer control. This system was originally developed for automated discrete spectrophotometric analyses (3, 4) .
In this approach to automated RIA, only one pipet is used; it must, for each determination, sequentially pick up, deliver, and carry away a variety of solutions: sample or standard, labeled hormone, buffer, acid, and column effluents. Cross-contamination between these solutions has been a major problem.
However, we find that this type of chemical carryover is eliminated by the dual strategy of multiple wash steps and air bracketing in the holding coil to prevent mixing from laminar flow. Standards differing in concentration by 10 000-fold can be analyzed consecutively without evidence of significant carryover.
At present, the digital pipet limits sample throughput because of its large duty cycle. However, the same mechanical system and controller that operates one digital pipet can be easily modified to operate several pipets simultaneously.
The precision digital pipet we used was from a pro- RIA methods require that the incubation step be given enough time for complete equilibrium to be established.
With the automated techniques described in this report the incubation steps can be terminated after a precise interval, well before equilibrium is reached. Thus, a more rapid response time can be achieved. The effect of 5-, 15-, 30-, and 60-mm incubations at room temperature on the angiotensin I assay has been previously studied (2) . Binding was 57.0, 74.3, 83.3, and 92.0% respectively,
